Abstract Chuju, the flower of Chrysanthemum morifolim cv. Chuju, is a traditional medicine-food material used in China. Bioassay-guided chemical investigation on Chuju led the isolation of 16 flavonoids (1-16) characterized as quercetin (1), isorhamnetin 3-O-b-D-glucoside (2), eriodictyol (3), pyracanthoside (4), apigenin (5), apigetrin (6), acacetin (7), acacipetalin (8), luteolin (9), diosmetin (10), spinacetin (11), axillarin (12), bonanzin (13), cirsiliol (14), chrysosplenol D (15) and artemetin (16). Among them, compounds (11-16) were first reported from the Chrsanthemum species. Chuju flavonoids displayed strong antioxidant in DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging assay, and high anti-inflammatory activity by inhibiting NO production in LPS-induced RAW 264.7 cells. These findings suggests that Chuju is an ideal source of natural flavonoids with significant antioxidant and anti-inflammatory effects, and is worthy of further development as health-promoting food or supplement. Keywords: Chrysanthemum morifolim cv. Chuju; Chuju flowers; flavonoids; antioxidant activity; anti-inflammatory activity.
Introduction
The oxidative stress emerges from the excessive generation of reactive oxygen species (ROS). Persistent oxidative stress may cause severe damages to proteins, lipids, DNA, and even result in cell death [1] . These damages are often involved in the activation of chronic inflammatory pathways leading to the progression of diseases including cancer, neurodegenerative disorders, atherosclerosis, cardiovascular diseases, diabetes, chronic kidney diseases, and aging processes [2] . Antioxidants are considered beneficial for biological systems to scavenge ROS and protect cells from oxidative and inflammatory damages [3] . Synthetic antioxidants, such as propyl gallate (PG), butylated hydroxyanisole (BHA), tertiary butyhydroquinone (TBHQ) and butylated hydroxytoluene (BHT), are widely used as food additives [4] . However, demands for naturally occurring antioxidants have been increasing due to the concerns about the safety of synthetic antioxidants [5] . As a class of natural antioxidants, flavonoids have aroused much attention, and a lot of efforts have been made to search for antioxidant agents from plants rich in flavonoids [6] .
Chrysanthemi Flos (CFs), termed as "Juhua" in Chinese, is the dried flower of Chrysanthemum morifolium Ramat (Asteraceae), which is a famous herbal medicine and food material in Southeast Asian countries such as China, South Korea, Japan and Singapore. C. morifolium was first originated in China, and has been cultivated for over 2000 years, forming a large number of medicinal and horticultural cultivars during the long evolution. Hangju (C. morifolium cv. Hangju), Chuju (C. morifolium cv. Chuju), Gongju (C. morifolium cv. Gongju) and Boju (C. morifolium cv. Boju) are the four famous medicinal cultivars of C. morifolium recorded in Chinese Pharmacopeia. Chuju originated in Chuzhou, Anhui Province, China. Chuju was once ranked first among the four famous medicinal cultivars of C. morifolium and chosen as the royal tribute in Qing Dynasty, and honored the national protected geographical indication (PGI) in 2002. Chuju was recorded the functions of scattering cold, clearing away heat and toxins, and brightening eyes, and traditionally used for the treatment of head dizziness, pain and swelling of eyes, particular for diseases caused by upward-disturbance of liver-yang [7] .
Previous studies demonstrated that CFs possessed anti-oxidant, cardiovascular protection [8] , anti-inflammation [9] , hepato-protection [10] , and anticancer [11] effects. Essential oil [12, 13] , terpenoids [9] , flavonoids [14] and caffeoylquinic acids [15] in CFs have been characterized. However, almost all the previous reports related to CFs were focused on Hangju, and no detailed investigation on Chuju has been carried out till now.
Our preliminary experiments showed that Chuju were rich in flavonoids. On the other hand, we found that the EtOH extract exhibited considerable antioxidant activity in 1, 1-diphenyl-2-picrylhydrazyl radical (DPPH) assay and strongly inhibited the NO production in lipopolysaccharide (LPS)-induced murine macrophage RAW 264.7 cells. These results promoted us to perform a detailed bioassay guided chemical investigation on Chuju, which led the isolation of 16 compounds from two flavonoids-enriched fractions. Herin, the isolation, structural determination, antioxidant and anti-inflammatory activities of these flavonoids were described.
Results and Discussion

Bioassay guided isolation and structural identification of flavonoids 1-16
The 85% ethanol extract of the flowers of Chuju was partitioned by D101 macroporous resin CC to give four fractions (A-D). In DPPH radical-scavenging assay, the antioxidant activity order of the four fractions was C > B > D > A; the same order was shown in the experiment regarding the inhibitory activity on NO production in LPS-induced RAW 264.7 cells (Table 1). In total flavonoids content (TFC) experiment, fractions C showed the highest level of TFC value, flowed by D, B and A (Table 1) . Thus, further purification was focused on the two flavonoids-enriched fractions (C and D). The isolated compounds ( Fig.1) included quercetin (1) [16] , isorhamnetin 3-O-b-D-glucoside (2) [17] , eriodictyol (3) [18] , pyracanthoside (4) [19] , apigenin (5) [20] , apigetrin (6) [20] , acacetin (7) [21] , acacipetalin (8) [21] , luteolin (9) [16] , diosmetin (10) [22] , spinacetin (11) [16] , axillarin (12) [16] , bonanzin (13) [23] , cirsiliol (14) [24] , chrysosplenol D (15) [25] and artemetin (16) [23] , and were characterized by detailed spectroscopic analysis and comparing with the previous literature data. Among them, compounds 11-16 have never been reported from Chrsanthemum species before, and 14 compounds (1-3, 5-7, 9-16) were isolated from Chuju for the first time.
DPPH radical scavenging assay
DPPH assay is a simple and rapid method widely used to measure antioxidant capacity in vitro [26] . The antioxidant activity of the flavonoids 1-16 obtained from Chuju was determined by the DPPH radical-scavenging assay and the results were shown in Table 3 . Most of the isolated compounds showed fairly strong antioxidant capacity. Quercetin (1) and other six 3', 4'-dihydroxyl flavonoids (3, 4, 9, 12, 14 and 15 Structure-activity relationships (SARs) analysis indicated that the B-ring hydroxylation pattern of flavonoids is the most significant factor for DPPH antioxidant activity. The flavonoids (1, 3, 4, 9, 12, 14 and 15 ) with an ortho 3', 4'-dihydroxy mioety in the B-ring possessed much higher antioxidant activity than compounds (2, 5, 6, 10 and 11) with only one free hydroxyl group at C-3' or C-4' position in B-ring, due to the B-ring with 3', 4'-dihydroxy could ensure the capacity for good radical stabilization by delocalization of the unpaired electron in the aroxyl radical structure [27] , this trend was further confirmed by the flavonoids (7, 8, 13 and 16) whose hydroxyl groups in B-ring have been substituted by methoxyl groups. Moreover, comparison of the SC 50 values of the glucosides (4 and 6) with their aglycones (3 and 5), indicated that the bigger group of O-glucosyl at C-7 had a negative effect on antioxidant activity probaly for the steric hindrance; the same trend of effects were observed for compounds 1 and 2, the O-glucosyl at C-3 in compound 2 was partly responsible for the decrease of its antioxidant activity. The observation is consistent with those reported in previous literature [28, 29] .
Anti-inflammatory activity
NO is one of the cellular inflammatory mediators of physiological and pathological process [30, 31] . Stimulation of murine macrophage RAW 264.7 cells by LPS induced inducible nitric oxide synthase (iNOS) and overproduction of NO, which could be quantitative detected by colorimetric method. The results presented in Table 4 revealed that most of the flavonoids isolated from Chuju possessed considerable NO production inhibitory activity. Comparing with the positive control ibuprofen (IC 50 = 30.57 μM), nine compounds (1, 5, 7, 9 -11, 13, 14 and 16) showed stronger activities, 15 displayed moderate activity, and 3, 4 and 12 were inactive. Furthermore, three flavonoid glucosides (2, 6 and 8) showed high cytotoxicity against RAW 264.7 cells treated with LPS (1 μg/ml) in the MTT assay.
Our investigation demonstrated that Chuju flavonoids effectively inhibited the NO production in LPS-induced RAW 264.7 cells. The positive control, ibuprofen, is a common prescribed drug used to treat various diseases or injures related to inflammation [32, 33] . In present study, more than half of the flavonoids obtained from Chuju displayed higher inhibition of NO production than the positive control (Ibuprofen, IC 50 = 30.57 μM). Comparison of IC 50 values between luteolin (9, 15.59 μM) with quercetin (1, 30.01 μM) revealed that flavones had stronger activity than the corresponding flavonols, and this tendency could also be observed from other flavones (5, 7, 9 and 14), which indicated that 3-hydroxyl moiety had a negative impact on the inhibitory effect on NO production [34] . The great gap between luteolin (9, 15.59 μM) and eriodictyol (3, > 80 μM) strongly suggested that the (4) >100 (2) axillarin (12) >100 (18) apigenin (5) 2.47 ± 0.23 bonanzin (13) 9.62 ± 0.29 apigetrin (6) >20 (6) b, d
cirsiliol (14) 18.77 ± 1.32 acacetin (7) 7.23 ± 0.14 chrysosplenol D (15) 41.82 ± 2.38 acacipetalin (8) >20 (3) b, d
artemetin (16) anti-inflammatory activity of flavones was higher than those of the corresponding flavanones and the 2-3 double bond in A-ring was structurally necessary [35] . Flavonoids 11-13, 15 and 16 were the methoxylated derivatives of quercetagetin with significant amount in Chuju, and the order of their NO inhibiton was 13 > 11> 12 and 16 > 15. These observations showed that the 3', 4'-dimethoxylations in B-ring tended to enhance the activities. All flavonoid glucosides (2, 4, 6 and 8) were found to be inactive or highly cytotoxic regardless the different types of aglycones, which was in agreement with the report that glycosylation greatly reduced the anti-inflammatory activity [36] .
Conclusion
This study demonstrated that Chuju was rich in flavonoids. Bio-guided chemical investigation led the isolation and identification of 16 flavonoids (1-16) from the flowers; compounds 11-16 are first reported for Chrsanthemum species. The flavonoids play an important role in the antioxidant and anti-inflammatory activity for Chuju. The results of this study partially corroborate the traditional uses of Chuju for the treatment of disorders involving oxidative stress and inflammation. From the health point of view, Chuju is an ideal source of natural flavonoids with significant antioxidant and anti-inflammatory effect, and suitable for further development as health-promoting food or supplements.
Experimental
General procedures
Optical rotations were measured on a Jasco P-1020 polarimeter. A Shimadzu UV-2401A spectrophotometer was used to obtain the UV spectra. A Bruker Tensor 27 FT-IR spectrometer was used for IR spectra with KBr pellets. 1D and 2D NMR spectra were recorded on Bruker AM-400 and Avance III-500 spectrometer with TMS as internal standard. Chemical shifts (δ) were expressed in ppm with reference to the solvent signals.
MS and HRMS were performed on an API-QSTAR-Pulsar-1 spectrometer. 
Chemicals and reagents
DPPH (1,1-Diphenyl-2-picrylhydrazyl), MTT (3-(4,5-ci- methylthiazol-2-yl)-2,5-diphenyl-
Plant material
The dried flowers of C. morifolium cv. Chuju were collected in October 2015 from Chuzhou, Anhui Province, China, and identified by Prof. Kai-Jin Wang at School of Life Sciences, Anhui University, where a voucher specimen (No. 2015-10-01) was deposited.
Determination of total flavonoids content (TFC) of Chuju and fractions (A-D)
The total flavonoids content was determined using the AlCl 3 method slightly modified [37] , and the TFC values were expressed as rutin equivalents (mg RE/g).
Extraction and isolation
The dried flowers of Chuju (5.0 kg) were powered and extracted with 85% EtOH (40 L × 3) at room temperature. After removal of the organic solvent, the extract was concentrated to give a residue (1.0 kg). The crude extract was suspended in H 2 O, and then passed through a D101 macroporous resin column eluted with water followed by 30%, 60% and 100% MeOH to yield four fractions (A-D). Fractions C and D showed the higher flavonoid content in TFC test; fraction C exhibited the strongest antioxidant and anti-inflammatory activities, and fraction D displayed moderate activities. Thus, further chemical investigation was focused on the two flavonoids-enriched fractions (C and D). The fraction C (200 g) was fractionated on silica gel column chromatography (CC) eluted with CHCl 3 -MeOH (50:1-2:1) to give six fractions (C 1 -C 6 ). Repeated column chromatography on Sephadex LH-20 and ODS, eluted with H 2 O-MeOH (1:0-0:1), led the isolation of compound 5 (50 mg) from fraction C 1 (5.6 g), and compounds 10 (400 mg) and 11 (30 mg) from fraction C 2 (3.9 g). Fraction C 3 (6.8 g) was applied on MCI gel CHP 20P column eluted with H 2 O-MeOH (1:0-0:1) to give to three fractions (C 3-1 -C 3-3 ), fraction C 3-1 (720 mg) was first purified on Sephadex LH-20 eluted with EtOH, followed by ODS CC eluted with H 2 O-MeOH Table 2 . Table 2 .
Isorhamnetin 3-Ο-β-D-glucoside (2
Apigenin ( Table 2 .
Apigetrin ( Hz, H-6'), 3.86 (3H, s, 4'-OCH 3 ) ; 13 C-NMR (100 MHz, DM-SO-d 6 ): see Table 2 . Table 2 .
Spinacetin (11
DPPH radical-scavenging assay
The DPPH radical-scavenging assay was performed as previously described [38] . In this assay, L-ascorbic acid was used as the positive control, and reaction mixtures containing an ethanolic solution of 200 μM DPPH (100 μL) and two-fold serial dilutions of sample (dissolved in 100 μL ethanol, with amounts of sample ranging from 2 to 1000 μg/mL) were placed in a 96 well microplate and incubated at 37°C for 30 min. After incubation the absorbance was read at 517 nm by an Emax precision microplate reader and the mean of three readings was obtained. Scavenging activity was determined by the following equation: % scavenging activity = [A control -A sample ]/ Acontrol × 100. The SC 50 values were obtained through extrapolation from linear regression analysis and denoted the concentration of sample required to scavenge 50% of DPPH radicals.
Measurement of nitric oxide production
The anti-inflammatory ability on inhibition of NO production in LPS-induced RAW 264.7 cells was performed according to Ma [39] . In brief, murine macrophage cell line RAW 264.7 was purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). RAW 264.7 cells were cultured in DMEM medium (Thermo Fisher Scientific, USA) supplemented with 10% FBS (Sijiqing, China) at 37°C in a humidified atmosphere with 5% CO 2 . Ibuprofen was used as the positive control. The nitrite concentration was measured in supernatants of cultured RAW 264.7 cells according to the Griess reaction as an indicator of NO production by using an NO assay kit (Beyotime Insititute of Biotechnolgy, China). Briefly, RAW 264.7 cells at 5×10 3 per well were seeded in 96-well plates. Cells were seeded in 96-well culture plates for 12h incubation, and then pretreated with tested compounds (3 to 50 µM) and LPS (Sigma, USA, 1 µg/mL in PBS) for 24h. 50 μL of cellfree supernatant was mixed with 100 μL of Griess reagent (1% sulfanilamide, 0.1% naphthylethylenediamine dihydrochloride, and 2.5% phosphoric acid) and incubated at room temperature for 5min. The concentration of nitrite was measured at 540 nm. Sodium nitrite (NaNO 2 ) was used as a standard to calculate the NO concentration.
MTT assay
The cell viability was determined by MTT method as previously described by Ma [39] . The cell viability was determined by MTT method. In brief, RAW 264.7 cells at 5×10 3 per well were seeded in 96-well plates. After 12 h incubation, the cells were treated with or without tested compounds for 24 h. Then, 20 µL MTT solutions (5 mg/ml) were added to each well for another 4 h and the resulting formazan crystals were dissolved in DMSO. The optical density was measured at 490 nm. The cytotoxicity was calculated from the plotted results using untreated cells at 100%.
Statistics
All the experiments were performed in three replications, and data were expressed as means ± SD of three independent experiments. Jun Hu et al. 
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